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(54) Method and apparatus for ink chamber evacuation 



(57) The present invention is a printhead (12) for 
ejecting fluid droplets (32). The printhead (12) includes 
a chamber member (18, 20) defining a chamber (26). 
The chamber member (18, 20) has a chamber volume 
associated therewith. The chamber member (18, 20) 
defines an orifice (16) and a fluid inlet (22) through 



which fluid flows to the chamber (26). Also included is a 
heating member (28) for heating fluid within the cham- 
ber (26). The chamber (26) ejects a fluid droplet (32) 
having a volume equal to the chamber volume in 
response to activation of the heating member (28). 
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Description 

CROSS REFERENCES TO CO-PENDING APPLICATION 

5 This application is a continuation-in-part of application ENTITLED "SOLID STATE INK JET PRINT HEAD AND 
METHOD OF MANUFACTURE" serial number 08/597,746 filed February 7, 1996, incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

w The present invention relates to Inkjet printing. More particularly, the present invention relates to a method and 
apparatus for evacuating an ink chamber for an Inkjet printhead. 

An Inkjet printer for Inkjet printing includes a pen in which small droplets of ink are formed and ejected towards a 
print medium. Such pens include a printhead having an orifice member or plate that has a plurality of small orifices 
through which ink droplets are ejected. Adjacent to the orifices are ink chambers, where ink resides prior to ejection 

15 through the orifice. Ink is delivered to the ink chambers through ink channels that are in fluid communication with an ink 
supply. The ink supply may be contained in a reservoir portion of the pen or in a separate ink container spaced from the 
printhead in the case of "off-axis" ink supplies. 

Ejection of an Ink droplet through an orifice may be accomplished by quickly heating a volume of ink within the adja- 
cent ink chamber. This thermal process causes ink within the chamber to super heat and form a vapor bubble. Forma- 

20 tion of the vapor bubble is known as "nucleation". The rapid expansion of the bubble forces ink through the orifice. This 
process is sometimes referred to as "firing". The ink in the chamber is typically heated using a resistive heating element 
which is positioned within the chamber. 

Once ink is ejected, the ink chamber is refilled with ink from an ink channel which is in fluid communication with the 
ink chamber. The ink channel is typically sized to refill the ink chamber quickly to maximize print speed. Ink channel 

25 damping is sometimes provided to dampen or control inertia of the moving ink flowing into and out of the chamber. By 
damping the ink flow between the ink channel and the ink chamber underfilling and overfilling of the ink chamber result- 
ing in meniscus recoiling and bulging, respectively, can be avoided or minimized. 

As the vapor bubble expands within the ink chamber the expanding vapor bubble can extend into the ink channel. 
Expansion of the vapor bubble into the ink chamber is known as "btowback". Blowback tends to result in forcing ink in 

30 the ink channel away from the ink chamber. The volume of ink which the bubble displaces is accounted for by both the 
ink ejected from the nozzle and ink which is forced down the ink channel away from the ink chamber. Therefore, blow- 
back increases the amount of energy necessary for ejecting droplets of a given size from the ink chamber. The energy 
required to eject a drop of a given size is referred to as "Turn-On Energy" (TOE). Printheads having high turn-on ener- 
gies tend to be less efficient and therefore, have more heat to dissipate than lower turn-on energy printheads. Assuming 

35 a given ability to dissipate heat then printheads that have a higher thermal efficiency are capable of a higher printing 
speed or printing frequency than printheads which have a lower thermal efficiency. 

The turn-on energy is a sufficient amount of energy to form a vapor bubble having sufficient size to eject a prede- 
termined amount of ink from the printhead orifice. The vapor bubble then collapses back into the ink chamber. Compo- 
nents within the printhead in the vicinity of the vapor bubble collapse are susceptible to cavitation stresses as the vapor 

40 bubble collapses between firing intervals. Particularly susceptible to damage from cavitation is the heating element or 
resistor. A thin protective passivation layer is typically applied over the resistor to protect the resistor from stresses 
resulting from cavitation. A problem with the use of a passivation layer for preventing or limiting cavitation damage is 
that this passivation layer tends to increase the turn-on energy required for ejecting droplets of a given size. 

There is an ever present need for printheads which have a high thermal efficiency and are capable of printing at 

45 high print frequencies. These printheads should be reliable and capable of extended printing without failure. In addition, 
these printheads should be relatively easily manufactured so that the overall cost of the printhead is relatively low. 

Finally, these printheads should be capable of forming high quality images on print media. These printheads should 
be capable of forming droplets having the same or nearly the same drop volume over a wide variety of inks used in the 
printhead. For example, the printhead should be capable of providing a selected droplets volume regardless of the ink 

so surface tension or the ink viscosity. This allows the same printhead to be used for a variety of different printing applica- 
tions. In addition, the droplets formed by the printhead should not have tails which tend to result in splattering, puddling 
and generally poor image quality. Furthermore, these printheads should be capable of minimal trajectory errors which 
tend to result when the ink droplets are not well defined during ejection. 

55 SUMMARY OF THE INVENTION 

The present invention is a printhead and method of operating the same for ejecting fluid droplets. The printhead 
includes a chamber member defining a chamber. The chamber member has a chamber volume associated therewith. 
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The chamber member defines an orifice and a fluid inlet through which fluid flows to the chamber. Also included is a 
heating member for heating fluid within the chamber. The chamber ejects a fluid droplet having a volume equal to the 
chamber volume in response to activation of the heating member. 

In one preferred embodiment, the heating member is a resistive heating element that has an area associated there- 
5 with that is large relative to the chamber volume. In this preferred embodiment the orifice has an opening size that is 
large relative to an opening size associated with the fluid inlet. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 FIG 1 is a perspective of an ink jet printhead that incorporates a printhead that is configured and operated for evac- 
uating the ink chamber according to the present invention. 

FIGs 2a, 2b, and 2c are sectional views illustrating a drop ejection sequence for a printhead whereby the vapor bub- 
ble collapses within the ink chamber after drop ejection. 

FIG 3a, 3b, 3c and 3d is a sectional view of drop ejection sequence for the printhead of the present invention 
is whereby the vapor bubble is vented to the atmosphere. 

FIG 4 is an enlarged cross-sectional view of a preferred embodiment of the printhead of FIG 1 taken across one of 
the plurality of ink chambers. 

FIG 5 is a top view of the preferred embodiment of FIG 4. 

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

FIG 1 depicts an Inkjet pen that incorporates a printhead 12 that is configured and arranged for carrying out the 
present invention. A preferred embodiment of the pen 10 includes a pen body 14 that defines an internal reservoir for 
holding a supply of fluid such as ink. Fluid is ejected from the printhead 12 through a plurality of orifices 16 that are in 
25 fluid communication with the supply of fluid within the pen body 1 4. Alternatively, fluid can be provided to the printhead 
12 by an fluid supply spaced from the printhead 12 as in the case of off -axis ink supplies. 

Before discussing the printhead 12 of the present invention it will be helpful to first discuss a previously used print- 
head 12' and a method of operation for the printhead 12' shown in FIGs 2a, 2b, and 2c. The printhead 12' is not drawn 
to scale nor is it intended to accurately represent the printhead 12* structure. The printhead 12' shown in FIGs 2a, 2b, 
30 and 2c at a series of time intervals to illustrate a drop ejection sequence for the printhead 1 2'. 

Printhead 12' includes a substrate 18, orifice member 20 and a fluid channel 22. The orifice member 20 defines an 
orifice 16 from which fluid is ejected. The substrate 18, fluid channels 22, and orifice member 20 all define an fluid 
chamber 26. Positioned proximate the fluid chamber 26 is a heating element 28. 

FIG 2a depicts formation of a vapor bubble having a bubble front 30 represented by dashed lines. The vapor bubble 
35 is formed soon after activation of the heating element 28. During bubble formation the bubble front 30 expands radially 
from the heating element 28 into the fluid chamber 26. As the vapor bubble having bubble front 30 expands into the fluid 
chamber 26, fluid within the chamber 26 is displaced forcing fluid through the orifice 16 forming a droplet 32. 

FIG 2b depicts the bubble ejection sequence a short time after the representation in FIG 2a. In this plot the bubble 
front 30 has reached its maximum size or radial separation from the heating element 28 and begins to collapse back 
40 towards the heating element 28. The droplet 32 as it emerges from the orifice 16 is connected by a long streamer 34. 
The streamer 34 results from the surface tension and the viscosity of the fluid. The streamer 34 tends to eiasticly bind 
the droplet 32 to the printhead 12'. 

FIG 2c depicts the printhead 12' drop ejection sequence shortly after the diagram shown in FIG 2b. The bubble 
front 30 has nearly collapsed back on the heating element 28. The collapse of the bubble front 30 results in a velocity 
45 gradient in the region near the orifice exit plane which tends to break the streamer 34 and release the droplet 32. The 
droplet 32 has a tail 36 resulting from the severed streamer 34. The remaining portion 38 of the streamer 34 is drawn 
back into the orifice 16 by the collapsing bubble front 30. 

FIGs 3a, 3b, 3c and 3d depict a simplified representation of the printhead 12 of the present invention at a series of 
intervals to illustrate the drop ejection method of the present invention. FIGs 3a - 3d are not drawn to scale nor are these 
so figures intended to represent an actual printhead 12 but are merely intended to illustrate the technique of the present 
invention for forming fluid droplets 32. 

FIG 3a depicts the printhead 12 of the present invention which includes a substrate 18, an orifice member 20, and 
an fluid inlet 22. The orifice member 20 defines an orifice 16. The substrate 18, orifice member 20 and fluid inlet 22 all 
define a fluid chamber 26. A heating element 28 is positioned proximate the fluid chamber 26. The printhead 12 is 
55 shown soon after activation of the heating element 28. Heating of the fluid within the chamber forms a vapor bubble 
proximate the heating element 28. The vapor bubble has a bubble front 30, represented by dashed lines, that expands 
outwardly in a generally radial direction from the heating element 28. The expanding bubble front 30 begins to displace 
fluid within the chamber 26 forcing fluid through the orifice 16. A droplet 32 begins to emerge from the orifice 16 as fluid 
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is forced through the orifice 16. 

FIG 3b depicts further growth of the vapor bubble having the bubble front 30. The bubble front 30 expands radially 
from the heating element 28 into the fluid chamber 26. As the bubble front 30 grows into the chamber 26 the fluid within 
the chamber is displaced by the vapor bubble resulting in the emergence of the droplet 32 from the orifice 1 6. The vapor 

5 bubble front 30 expands through a plane of the orifice 16 and is vented to an atmosphere surrounding the printhead 1 2. 
During the bubble expansion sequence of FIGs 3a and 3b substantially all or most of the displaced fluid is ejected 
through the orifice 16 as represented in FIG 3b. Therefore, the volume of the fluid droplet 32 is substantially equal to 
the volume of the fluid chamber 26. 

A relatively small amount of the fluid in chamber 26 may be forced into the fluid inlet 22. The printhead 12 of the 

io present invention is selected to have a fluid resistance of the orifice 16 that is small relative to a fluid resistance of the 
fluid inlet 22 so that most of the chamber fluid is forced through the orifice 16. One factor affecting the fluid resistance 
is the size of the fluid openings for the orifice 1 6 and the fluid inlet 22. Because the ratio of orifice size 1 6 is large relative 
to the size of the fluid inlet 22 for the printhead 12 of the present invention a majority of the displaced fluid is ejected 
through orifice 16. Other factors that affect the fluid resistance of the fluid inlet 22 and the orifice 16 is backpressure 

15 provided by the fluid inlet or atmosphere as well as flow impediments that change the fluid flow direction. 

FIG 3c depicts the printhead 1 2 drop ejection sequence a short time after the representation shown in FIG 3b. After 
the bubble front 30 has passed through the plane of the orifice 1 6 the vapor bubble vents to the atmosphere. The vent- 
ing of the vapor bubble tends to result in relatively high drop velocity for the droplet 32. Because the ejected droplet 32 
has a high velocity gradient, the droplet 32 is able to overcome surface tension and the viscosity of the fluid preventing 

20 the formation of a streamer 34 as shown if FIG 2). The streamer 34 tends to reduce the drop velocity by elasticity bind- 
ing the droplet 32 to the printhead 12. Because the streamer 34 is not formed the droplet continues on a trajectory 
toward print media at a high drop velocity. The droplet 32 that is formed by the printhead 12 tends to be a single, spher- 
ically shaped droplet 32 as shown in FIGs 3c and 3d. Once the bubble has vented, fluid from the fluid inlet 22 flows into 
the chamber 26 refilling the chamber 26 as shown in FIGs 3c and 3d. 

25 FIGs 4 and 5 depict a preferred embodiment of the printhead 1 2 of the present invention. The printhead 1 2 is con- 
structed for drop ejection according to the technique disclosed in FIGs 3a, 3b, 3c, and 3d. FIG. 4 is a greatly enlarged 
cross-sectional view taken through the printhead and through one of the orifices 16. In FIG. 4, it can be seen that the 
orifice 16 is formed in an outer surface 40 of the orifice member or plate 20. The orifice member 20 is attached to the 
substrate 18. The substrate comprises a silicon base 42 and a support layer 44 as described more fully below. 

30 The orifice 16 is an opening through the plate 20 of an fluid chamber 26 that is formed in the orifice plate 20. The 
diameter of the of the orifice 16 may be, for example, about 12 to 16 jim. 

In FIG, 4, the chamber 26 is shown with an upwardly tapered sidewall 46, thereby defining a generally frustrum- 
shaped chamber, the bottom of which is substantially defined by an upper surface 48 of the substrate 18. 

It is contemplated that any of a number of fluid chamber shapes will suffice, although the volume of the chamber 

35 will generally decrease in the direction toward the orifice 16. In the embodiment of FIG. 4, the orifice plate 20 may be 
formed using a spin-on or laminated polymer. The polymer may be purchased commercially under the trademark 
CYCLOTENE from Dow Chemical, having a thickness of about 10 to 30 urn. Any other suitable polymer film may be 
used, such as polyamide, polymethylmethacrylate, polycarbonate, polyester, polyamide, polyethyleneterephthalate or 
mixtures thereof. Alternatively, the orifice may be formed of a gold-plated nickel member manufactured by electrodepo- 

40 sition techniques. 

An upper surface 50 of the silicon base 42 is coated with a support layer 44. The support layer 44 is formed of sil- 
icon dioxide, silicon nitride, silicon carbide, tantalum, polysilicon glass or other functionally equivalent material having 
different etchant sensitivity than the silicon base 42 of the substrate. 

After the support layer 44 is applied, two fluid inlets 22 are formed to extend through that layer. In a preferred 
45 embodiment, the upper surface 48 of the support layer 44 is patterned and etched to form the inlets 22, before the ori- 
fice plate 20 is attached to the substrate 18, and before a channel 52 is etched into the base 42 as described below. 

A thin-film resistor 28 is attached to the upper surface 48 of the substrate 18. In this preferred embodiment the 
resistor is applied after the inlets 22 are formed, but before the orifice plate 20 is attached to the substrate 1 8. The resis- 
tor 28 may be about 12 urn long by 12 urn wide (see FIG. 5). A very thin (about 0.5 urn) passivation layer (not shown) 
so may be deposited on the resistor to provide protection from fluids used. This passivation layer may be thinner or may 
even be eliminated if the fluids are not damaging to the resistor. The overall thickness of the support layer, resistor and 
passivation layer is about 3 m, or less. 

The resistor 28 is located immediately adjacent to the inlets 22. The resistor 28 acts as an ohmic heater when 
selectively energized by a voltage pulse applied to it. In this regard, each resistor 28 contacts at opposing sides of the 
55 resistor a conductive trace 54. The traces are deposited on the substrate 18 and are electrically connected to the printer 
microprocessor for conducting the voltage pulses. The conductive traces 54 appear in FIG. 5. 

The preferred orifice plate 20 is laid over the substrate 18 on the upper surface 48 of the support layer 44. In this 
regard, the plate 20 can be laminated, spun on while in liquid form, grown or deposited in place, or plated in place. The 
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plate 20 adheres to the support layer 44. 

The resistor 28 is selectively heated or driven by the microprocessor to generate a vapor bubble having a bubble 
front 30 (shown in dashed lines in FIG. 4) within the fluid-filled chamber 26. The fluid within the chamber 26 is ejected 
as a consequence of the expanding bubble front 30 travels through a central axis 56 of the orifice 1 6 and exits the orifice 
s 1 6 venting the vapor bubble to the atmosphere as shown in FIGs. 3a - 3d. As the bubble front 30 expands through the 
chamber 26 fluid within the chamber 26 is forced out through orifice 16. 

An fluid channel 52 is formed in the base 42 of the substrate 18 to be in fluid communication with the inlets 22. Pref- 
erably, the channel 52 is etched by anisotropic etching from the lower side of the base 42 up to an underside 58 of the 
support layer 44. 

10 In accordance with the present invention, fluid present in the reservoir of the pen body 14 flows by capillary force 
through each channel 52 and through the inlets 22 to fill the fluid chamber 26. In this regard, the channel 52 has a sig- 
nificantly larger volume than the fluid inlets 22. The channel may be oriented to provide fluid to more than one chamber 
26. Each of the channels 52 may extend to connect with an even larger slot (not shown) cut in the substrate base 42 
and in direct fluid communication with the pen reservoir. The base 42 of the substrate is bonded to the pen body sur- 

15 face, which surface defines the boundary of the channel 52. 

All of the fluid entering the chamber 26 is conducted through the inlets 22. In this regard, a lower end 60 of the 
chamber 26 completely encircles the inlets 22 and resistor 28. 

In the preferred embodiment, the ratio of the volume of the chamber 26 to an area of the heating element 28 is low 
such that the vapor bubble front expands sufficiently to extend past the orifice 16 plane venting the vapor bubble to 

20 atmosphere. For a resistive heating element the energy per unit time or power provided by the heating element 28 is 
related to a resistor 28 length over a resistor 28 area. For resistors formed of the same length then the power dissipated 
in the resistor is related to the resistor 28 area. Therefore, the ratio of volume of the chamber 26 to resistor area should 
be low to ensure that the vapor bubble front 30 vents through the orifice 16 forcing the entire contents of the fluid cham- 
ber 26 through the orifice 16. 

25 It is important that as the vapor bubble front 30 expands such that the fluid within the chamber 26 is forced out of 
the orifice 16 and not into the fluid inlet 22. A ratio of an orifice resistance to blowback resistance should be small to 
ensure that substantially all of the fluid within the chamber 26 is forced out of the orifice 16 and not into the fluid inlet 
22. The orifice resistance in the preferred embodiment is related to the orifice area. The blowback resistance in the pre- 
ferred embodiment is related to the sum of an area of each of the fluid inlets 22. 

30 Table 1 illustrates simulation results for several different prirttheads 12 having a variety of different configurations. 
The printheads shown in Table 1 have resistor areas given in square micrometers and chamber volumes given in micro- 
liters. From the data in Table 1 printheads 12 having ratios of chamber volume to resistor area that are as high as 15.6 
are suitable for ejecting substantially the entire volume of fluid within the chamber 26 through the orifice 16. 

In the preferred embodiment the orifice 16 resistance and the blowback resistance are proportional to their respec- 

35 tive (enghts divided by their respective areas. Because these tenths are constant both the orifice 16 resistance and 
blowback resistance can be represented by an orifice 16 area and an inlet 22 area, respectively. The printhead 12 hav- 
ing a ratio of orifice area to inlet area that is as high as 5 is suitable for ejecting substantially the entire volume of fluid 
within the chamber 26 through the orifice 16. The simulation results shown in table 1 are not intended to represent the 
full range in which chamber evacuation occurs but merely to illustrate some examples in which chamber evacuation 

40 occurs. 



TABLE 1 



Resistor Area Gim 2 ) 


Chamber Volume 
(n liters) 


Volume Area 


Orifice Area Inlet Area 


Drop Velocity (m/s) 


100 


1000 


10 


.82 ! 


25 


64 


1000 


15.6 


.74 


.22 


196 


2744 


14 


5 


16.1 


144 


1728 


14 


1.43 


25 



In one preferred embodiment, the inlets 22 are located immediately adjacent to the resistor 28 and are sized so 
55 that, upon firing, the expanded bubble front 30 occludes the inlets 22 and prevents fluid within the chamber 26 from 
being blown back into the channel 52. By occluding the inlets 22 the effective blowback resistance is increased allowing 
more of the fluid within the chamber 26 to be ejected through the orifice. 

Specifically, the inlets 22 are contiguous with (not significantly spaced from) the chamber 26 and are located so that 
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the junction of the inlet 22 and the chamber 26 is very near the resistor 28. In a preferred embodiment, each inlet 22 is 
spaced from the resistor 28 by no more than 25% of the resistor member length. 

Moreover, the cross-sectional area of the inlet at the junction of the inlet and the chamber 26 is sized to be suffi- 
ciently small to ensure that the expanding bubble front 30 is able to cover, hence occlude, the inlet area. Such occlusion 

5 is accomplished by the bubble front 30 when the bubble moves into the inlets 22 and thereby eliminates any liquid-ink 
pathway between the chamber 26 and the channel 52. As noted earlier, elimination of this pathway prevents the fluid 
within the chamber 26 from being blown back into the channel 52 as the bubble expands. 

The elimination of the liquid pathway is best achieved when the bubble front 30 completely penetrates the inlets 22 
and expands slightly into the volume of the channel 52, as shown by the dashed lines in FIG. 4. In a preferred embod- 

10 iment, the total area of the inlets should be less than about 1 20% of the area of the resistor. 

Occlusion of the inlet(s) by the expanded vapor bubble may occur with printhead configurations unlike those just 
described in connection with a preferred embodiment. In this regard, the distance of the inlet from the resistor, or heat- 
ing member, and the cross-sectional area of the inlet may be greater or less than that specified above, depending upon 
certain variables. Such variables include fluid viscosity and related thermodynamic properties, resistor heat energy per 

75 unit of resistor area, and surface energy of the material along which the fluid and vapor move. 

In the preferred embodiment, the resistor energy density is about 4 nJ/ m 2 , and the viscosity of the ink is about 3 
cp, having a boiling point of about 100 C. 

As a consequence of this orientation of the inlets 22 (hence the orientation of the flow paths 62) fluid flowing into 
the chamber 26 during refill provides flow momentum for lifting the bubble front 30 once the bubble front has breached 

20 the orifice plane and vented to atmosphere so that the fluid chamber 26 is filled with fluid as shown in FIGs 3c and 3d. 
It is noteworthy here that, although in the just described preferred embodiment shown in FIGs 4 and 5 discloses a 
particular arrangement of inlets 22 and resistor arrangement, there are a number of different arrangements that can be 
used. For example, four inlets 22 are depicted in FIG 5, it will be appreciated that fewer or more inlets may be employed 
while still meeting the discussed relationship of the chamber volume size, the ratio of chamber volume to resistor area, 

25 and ratio of orifice resistance to blowback resistance. In addition, the inlets 22 may have a variety of different arrange- 
ments relative to the chamber 26. 

There are several advantages to the operation of printhead 12 of the present invention shown in FIGs 1 , 3a, 3b, 3c, 
3d, 4 and 5. First, the print quality of the printhead 12 of the present invention tends to be improved. The droplet 32 
formed by the printhead 12 of the present invention is a single, small droplet that is substantially spherical in shape that 

30 is ejected at a high velocity without the formation of streamers 34. By forming droplets 32 without streamers 34, tails 
are eliminated or greatly reduced. Tails 36 on fluid droplets can result in trajectory errors or pooling which reduce print 
quality. The higher drop velocity also tends to reduce trajectory errors. Higher drop velocity results in a reduced interval 
in which the droplet 32 is exposed eternal forces such as air currents thereby reducing the affect of these external forces 
on the droplet 32. Additionally, streamers 34 and tails 36 can result in the formation of several smaller droplets which 

35 tends to form a spray of ink and not a single droplet. This ink spray tends to result in poor print quality. In contrast, the 
formation of a single small droplet 32 tends to result in welt formed ink spots or marks on print media that are free of 
puddling and pooling resulting in good print quality. 

Secondly, the printhead 1 2 of the present invention tends to have improved thermal characteristics which allows the 
printhead to operate at lower turn on energies and have less heat accumulation in the printhead 12. The vapor bubble 

40 is vented to the atmosphere in the printhead 1 2 of the present invention. By venting the vapor bubble collapse of the 
vapor bubble into the chamber 26 is avoided. Because the vapor bubble does not collapse within the chamber 26 the 
passivation layer used to protect the heating element 28 from cavitation stresses can be reduced in thickness or elimi- 
nated reducing the turn on energy and improving the efficiency or the printhead 12. In addition, venting of the vapor 
bubble releases the latent heat of condensation into the atmosphere, releasing heat from the printhead 12 thereby pre- 

45 venting the accumulation of heat within the printhead 12. Accumulation of heat within the printhead 12 tends to result 
in printhead 12 overheating or some limit on printing speed to avoid printhead 12 overheating. 

Finally, the printhead 1 2 of the present invention ejects substantially all of the ink within the chamber 1 6. Therefore, 
the droplet size is substantially determined by the chamber 26 size and not by factors which modulate the drop size for 
the previously used printhead 12' such as resistor size, fluid viscosity and surface tension. Therefore, the printhead 12 

50 of the present invention is capable of providing a more constant drop size independent of various manufacturing varia- 
bles and ink formulations producing better print quality. 

Claims 

55 1 . A printhead (1 2) for ejecting fluid droplets (32) comprising: 

a chamber member (18, 20) defining a chamber (26) having a chamber volume, the chamber member (18, 20) 
defining an orifice (16) and a fluid inlet (22) through which fluid flows to the chamber (26); and 
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a heating member (28) for heating fluid within the chamber (26), the chamber (26) ejecting a fluid droplet (32) 
having a volume substantially equal to the chamber volume in response to activation of the heating member 
(28). 

2. The printhead (12) of claim 1 wherein the heating member (28) is a resistive heating element that has an area asso- 
ciated therewith that is large relative to the chamber volume. 

3. The printhead (12) of claim 1 wherein the orifice (16) has an opening size that is large relative to an opening size 
associated with the fluid inlet (22). 

4. The printhead (12) of claim 1 wherein the chamber (26) is sized relative to the heating member (28) to form only a 
single fluid droplet (32). 

5. The printhead (12) of claim 1 wherein the printhead (12) is sized and arranged to form a droplet 32) having a drop 
volume that is less than 5 picoliters. 

6. The printhead (12) of claim 1 wherein the heating member (28) is a resistor having a resistor area associated there- 
with, the printhead (12) having a ratio of chamber volume to resistor area that is less than 50 picoliters per square 
micrometer. 

7. The printhead (12) of claim 1 wherein the chamber (26) is so arranged and disposed to eject a single fluid droplet 
(32) without a tail portion (36). 

8. The printhead (12) of claim 1 wherein the heating member (28) is provided sufficient energy relative to the chamber 
volume for the vapor bubble to vent to atmosphere. 

9. A method for forming fluid droplets (32) comprising: 

filling a chamber (26) with fluid, the chamber (26) being defined by a chamber member (18, 20), the chamber 
member defining a orifice (16); and 

heating fluid within the chamber (26) using a heating element (28) within the chamber (26) to form an expand- 
ing vapor bubble, the vapor bubble having a bubble front (30) that has an initial position proximate the heating 
element (28) and a final position proximate the orifice (16) whereupon the vapor bubble is vented to atmos- 
phere, the expanding vapor bubble displacing a volume of fluid equal to a volume of the chamber (26) during 
expansion from the initial position to the final position. 

1 0. The method for forming fluid droplets (32) of claim 1 6 further including repeating the filling a chamber (26) with fluid 
and heating fluid within the chamber (26) at a maximum operating frequency that is greater than a maximum oper- 
ating frequency associated with a corresponding printhead (12) in which the vapor bubble is not vented to atmos- 
phere. 



EP0 838 337A1 




EP0 838337A1 




FIG. 2c 
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